Background Genetic and maternal prenatal environmental factors as well as the post-natal rearing environment may contribute to the association between childhood socioeconomic circumstances and later mortality. In order to disentangle these influences, we studied all-cause and cause-specific mortality in a cohort of adoptees, in whom we estimated the effects of their biological and adoptive fathers' social classes as indicators of the genetic and/or prenatal environmental factors and the post-natal environment, respectively.
Studies of adoptees, who have been separated from their biological parents shortly after birth and transferred without delay to adoptive parents genetically unrelated to them, offer a unique opportunity to isolate the effect of the environment and explore the above theories. In an adoption study a relationship between an adoptive parent's socioeconomic position and mortality of the adopted offspring would argue in favour of family environmental mechanisms. An association between the biological parent's socioeconomic position and mortality of the adopted adult offspring would be consistent with genetic and prenatal influences.
In order to disentangle the influences of the rearing environment from genetic and/or prenatal environmental factors we followed up a cohort of adult adoptees and analysed the effect of biological and adoptive fathers' social classes on adoptees' mortality from natural and external causes. We also explored whether any such effects were mediated through adoptee's own social class later in life.
Material and methods

Study population
The study is based on the Danish Adoption Register. This register includes all 14 425 adoptions granted in Denmark from 1924 through 1947 in which neither adoptive parent was a biological relative of the child. 8 The Register contains the identity of the biological parents, the adoptive parents, and the adoptee, as well as details of the circumstances of the adoption, including the age at which the adoptee was transferred to the adoptive home. Ninety per cent were transferred to the adoptive parents within the first year of life. Children who were not transferred to adoptive parents immediately after birth usually did not remain with their biological parents but were instead placed in foster homes. The adoptions were arranged anonymously through an authorized intermediary, and there was very little, if any, contact between the adoptees and their biological family later in life. The following is a brief description of the methods, which have been reported in detail elsewhere. [9] [10] [11] We selected the 12 608 adoptees (5954 males and 6654 females) born during the period 1924 through 1947. In total, 1078 adoptees born before 1924, 78 twins and 661 children lost to follow-up, were not included. Those born before 1924 were excluded because they represented a group with particularly late dates of formal adoption.
Measures of socioeconomic position
The information on biological and adoptive fathers' occupations together with the annual income of the adoptive family at time of the adoption was retrieved from the adoption records. 12 This information was available for all adoptive fathers and 80% (n 5 10 086) of biological fathers. In 1976 information on current or latest occupation for the adoptees themselves was obtained as recorded from annual tax returns in the Danish Civil Registration System for the period 1969-76. At this time they had a median age of 34.5 (range 28.2-50.9) years. This information was available for 92% (n 5 5507) of men and 51% (n 5 3408) of women. The occupations were coded on a scale of social class derived from a Danish study of prestige ratings of occupational titles. 13 The scale ranges from 0 5 low positions (unskilled manual workers) to 7 5 high positions (advanced professional). Details of the scale have been reported earlier. 12 The initial data analyses showed that a relatively small number of biological parents belonged to the highest social classes (7 and 6) and the risk estimates were nearly the same for the fifth category; therefore, these three categories were merged. The estimates for the four lower social classes were such that they were also combined. This left two categories: high/middle class (advanced professional, academic and sub-academic professions, and self-employed) and working class (subordinate clerk, skilled worker, semiskilled worker, and unskilled worker). The 3050 adopted women who were alive in 1969 and had no information on current occupation were coded as housewives. Adoptive family's household income was used as an additional social indicator of the rearing environment. This variable was analysed in quartiles adjusted by year of adoption in order to correct for inflation. The age at which the adoptee was transferred to the adoptive home, usually occurring some time before formal adoption, might influence the effects of adoptive father's social class as a measure of the rearing environment 14 and consequently, adoptee's age at transfer was included in the adjusted models. This variable was reported in months and recoded into five categories (0, ,1, 1-4, .4 years, and missing).
Follow-up
On the basis of the information in each adoption record, the adoptees were traced in population registers and followed up for vital status until November 2000. Of the 12 608 adoptees 42 had disappeared, 352 had emigrated, and 2622 had died during follow-up. The deaths were divided into early (age 0-50 years), which included a major proportion (75%) of the external causes, and later (age > 50 years) in which period natural causes pre-dominated (67%). Biological and adoptive fathers' vital status had also been traced for a random sample of 1641 adoptive fathers and 1491 biological fathers of whom 554 and 605, respectively, had died during follow-up. We also identified causes of death for the period 1969-98 by record linkage to the Cause-of-Death Registry. Causes of death were based on official death certificates coded using the 8th Revision of the International Classification of Diseases for the year 1969-93 and the 10th Revision for 1994-98. Causes of death were classified into the following groups: all natural causes, infectious diseases, respiratory diseases (which included pneumonia), cardiovascular diseases, cancers, all external causes (injury, suicide, and homicide), and suicide.
Statistical analysis
Associations between measures of social class and mortality for cohort members were analysed using Cox's proportional hazard regression models. Models were stratified by gender and birth cohort in seven groups (1923-26, 1927-29, 1930-33, 1934-37, 1938-40, 1941-43, and 1944-47) , so that each stratification group has a separate underlying hazard but was assumed to have the same effect of social class. Age was used as the underlying time scale with adoptee's age at the time of adoption as entry time in models exploring the effects of paternal social class. All the adjusted models included the social class of both the biological and adoptive fathers together in order to adjust for any bias originating in selective placement of the adoptees. The information on the adoptee's occupational social class was retrieved from the Civil Registration System, which was established in April 1968, and the social class information was thus available only for adoptees, who were alive in 1968. We, therefore, used adoptee's age in 1969 as entry time, and the analysis of models where adoptee's own social class was included was based on the 2105 deaths that occurred after this year. Follow-up for total mortality ended at the age of death, emigration, or November 30, 2000 whichever came first. The proportional hazard assumption was tested in two ways: the standard graphical check based on the log of cumulative hazard and through formal tests of proportionality based on Schoenfeldt residuals. Statistical interaction between parental social class and adoptee's social class was evaluated using likelihood ratio tests. The best evidence on separating social effects will come from the children adopted at very early ages and all analyses were repeated for the 90% transferred under 1 year of age. All statistical analyses were performed using STATA version 8.
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Results
Working class adoptees more often had biological and adoptive fathers belonging to the working class compared with adoptees from the high/middle social class (Table 1) . Adoptive father's social class at the time of the adoption was not associated with adoptee's total mortality before or after age 50 years (Table 2) . Adoptive father's social class showed a marginal inverse relationship with adoptee's death from natural causes and cardiovascular diseases. Adoptive father's social class was positively related to adoptee's risk of dying from external causes, apparently due to a higher risk of suicide. In the fivecategory scale of social class, adoptees with adoptive fathers from the highest social class (academic professions) had a 2.31 (1.35-3.94) higher risk of suicide compared with adoptees with adoptive fathers in the lowest social class (unskilled workers). We also found that adoptees with fathers in the upper income quartile had 1.52 (1.20-1.94) higher risk of dying before age 50 years than those with adoptive fathers in the lowest quartile (Table 3) . A similar but weaker tendency was seen for deaths from external causes and suicide (data not shown). The adoptee's own social class was inversely related to mortality before and after age 50 years as well as with all the specific causes ( Table 4 ). The estimates for paternal social class changed only slightly when adoptee's own social class was included in the model.
Cancer mortality was not related to paternal or adoptee's own social class, neither before nor after adjustments. There were no statistical interactions.
Compared with those transferred immediately after birth, adoptees transferred during the first year of life had higher mortality before age 50 years [Hazard ratio 1.24 (1.04-1.37)], while the risk of dying later in life was not related to age at transfer. There were no notable social class differences in age at transfer, and it did not attenuate the risk estimates for social class and mortality. The estimates from the analyses restricted to adoptees transferred the first year was essentially the same as estimates presented based on all adoptees (data not shown).
In a sub-cohort we explored the ability of the biological and adoptive fathers' social classes to predict their own mortality. This showed a tendency for an inverse relation between adoptive father's social class and mortality, while the social class of the biological father was not associated with mortality risk.
Discussion
This study found that adoptees with biological fathers from higher social classes at the time of adoption had a lower rate of mortality after their fifth decade of life mainly owing to a lower risk of cardiovascular, infectious, and respiratory diseases. Adoptive father's social class showed no clear relation with adoptee's mortality risk with the single exception that adoptees having adoptive fathers from academic positions had an elevated suicide risk. Adoptive father's income level was positively associated with risk of dying before age 50 years. The effects for paternal social class were only slightly attenuated after adjustment for adoptee's adult social class, which in itself, as expected, was inversely related with mortality in both early and later adult life.
The inverse relation of biological father's social class to adult offspring mortality of cardiovascular, infectious, and respiratory diseases, which act independently of the subject's own social class later in life, suggests an underlying common genetic or a prenatal environmental mechanism. The genetic effects could operate through pleiotropic genes affecting both characteristics. Thus, there are genetic effects for social class 12 as well as for mortality 16 especially from the causes that were associated with biological father's social class in the present study. It is also possible that the mechanism is genetic factors leading to poor health, which itself is a barrier for attaining a high social status. The fact that the relation between biological father's social class and mortality of the adopted offspring was only seen for deaths occurring later in life could also support the finding of genetic effects developing over time previously noted for educational level 17 and body mass index 18 in the same cohort. Inherited personality traits influencing both social class and health-related behaviours, and risk factors could be mediators of the observed effects. Intelligence (IQ) could also be such a trait and has been suggested as the mechanism behind the association between biological father's social class and adoptee's own social class. 19 A number of studies have shown an inverse relationship between childhood IQ and mortality in adult life. 7, 20 In a recent Danish study of men born in 1953 7 father's social class was associated with mortality both before and after age 35 years, while an inverse relation with IQ only remained clear for the later deaths. These findings suggest that IQ could be the mediator of genetic effects. Another mechanism behind the association is a genetic component in smoking, a known risk factor that varies with socioeconomic circumstances. 21 An alternative hypothesis is that this reflects a prenatal programming effect. Mother's lifestyle and health during pregnancy may determine her child's fetal development and later adult disease. One explanation as to why biological father's social class may reflect this is because of assortative mating; men of higher social classes are likely to marry women of higher social classes and, hence, have healthier babies. In this scenario, father's social class is a proxy marker of maternal social class. A relatively high correlation between biological father's social class and biological mother's social class in the present study 12 suggest this could be a pathway. On the other hand the biological mothers were often not sharing the family environment with the biological father as a reflection of the reason for giving the child up for adoption, and the effect of biological father's social class was not influenced by adjustment for social class of the biological mother. However, the social class information on biological mothers of adoptees was frequently poorly defined or unavailable. The absence of a clear inverse association between adoptive father's social class and adoptee mortality from natural causes suggests that family environment factors such as material living conditions, parental behaviour, and support are not important mechanisms in themselves within the range observed here. This is contrary to studies of intact families showing that different measures of family deprivation predict adult mortality and account for some of the relationship between father's social class and mortality. 1, 22 The elevated risk found for adoptees with adoptive fathers from the highest social class in the present study could be a chance finding or reflect special conditions for adoptees. A few other studies have reported on associations between childhood socioeconomic circumstances and risk of suicide in adulthood. Barraclough et al. 23 found that suicides without preceding mental illness were more frequent in males of a better social class than suicides with preceding mental illness. However, later cohort studies from the UK 24 and Finland 3 showed that suicide was more likely to occur among those with fathers of lower social class. If the result of the present study is true, it suggests that the environment in adoptive families in the highest social class is in some way unfavourable or challenging for the adoptees. As expected, the observed effect for the biological father's social class was rather small. On the other hand, the results should be seen against the background of the relatively small risk estimates of~0.70 found for adults with fathers of higher social classes in intact families. 1, 4, 7 In accordance with previous studies, 1 we found no evidence for an association between paternal social class and overall cancer mortality. However, the small number of deaths from stomach cancer, which has been strongly related to early life social circumstances, 1, 4 did not allow analyses with sufficient power. The present study meets the important requirements for valid assessment of the separate effects of the genetic and prenatal environmental factors, and the post-natal family environment on adoptee's health, whereas the opportunities for assessment of the isolated effects of the prenatal social environment are weak. The suitability of the adoption cohort for addressing these questions has been demonstrated in several previous studies. [10] [11] [12] [17] [18] [19] There was evidence of only some small degree of selective placement of the adoptees in the matching of the social class of their biological and adoptive parents. 12 This might potentially mask an independent effect of the biological parent's social class, but in the present cohort a simple correlation between biological father's social class and adoptive father's social class (in eight categories) was weak (r 5 0.18), 12, 17, 19 and, moreover, the adjusted analysis included both biological and adoptive fathers' social classes. Some possible important differences between adoptive and intact biological families must also be considered. Parents who adopted might have been chosen because they possess additional family resources and better living conditions, while parents who give up their child might have fewer resources than usual for the social class to which they belong. Furthermore, the social classes of biological and adoptive fathers were somewhat below and above, respectively, those of the general population for their generation, and for the biological fathers there was some evidence of reduced variance. 12 Thus, the study might not enable us to estimate effects of the full range of social class. However, in a small subsample of our cohort, there was no significant association between social class and mortality for the adoptive or biological father. However, both the adoptive and biological fathers' social classes have been predictive for other outcomes such as adoptee's educational level, 17 IQ, 18 and obesity in previous studies based on larger subsamples of the same cohort . [16] [17] [18] The information on social class was missing for 20% of biological fathers, but the risk estimates found for this did not differ compared with the risk estimates for working class fathers. This might reflect that these fathers are not without occupation, but are those who had little or no contact to the biological mothers, wherefore they could not report on his social class during the adoption process.
In conclusion, genetic and possibly prenatal environmental factors contribute to the relationship of paternal social class to mortality from natural causes later in adult life in particular from respiratory and cardiovascular diseases. These influences were independent of the effect of own social class, whereas it remains uncertain whether the parental social class has any separate prenatal environmental influence. There is no evidence for a long-term effect of the environment, as indicated by the social class of the adoptive father, on the risk of dying from any of the major causes of death, except perhaps for the risk of suicide.
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